Abstract Floating seaweeds play an important role as a habitat for many animals accompanying or attaching to them in offshore waters. It was in 2000 that the first report described abundant distributions of floating seaweeds in offshore waters in the East China Sea in spring. Young individuals of the yellowtail Seriola quinqueradiata are captured for aquaculture purposes from floating seaweeds in the East China Sea. Therefore, a sound understanding of the distributions of floating seaweeds in the East China Sea is needed. Detailed information is especially important during the late winter to early spring, which corresponds to the juvenile period of the yellowtail. Thus, field surveys using R/V Tansei-Maru were conducted in the Japanese Exclusive Economic Zone in the East China Sea from late winter to early spring in 2010 and 2011. We obtained positions of the vessel by GPS and transversal distances from the vessel to a raft by visual observation. Distance sampling method (Thomas et al. 2010 ) was applied to estimation of floating seaweed densities (rafts km
Introduction
Floating seaweeds are an important habitat for many accompanying or attached animals in offshore waters. Among natural floating objects, macroalgae probably represent the quantitatively most important substrata (Thiel and Gutow 2005) . Several studies have highlighted the importance of rafting as a habitat for marine invertebrates and some fish species (Safran and Omori 1990; Ingólfsson 1995; Sano et al. 2003) . Such floating seaweeds generally originate in benthic beds of macroalgae in coastal areas. Species comprising floating seaweed patches differ substantially between oceans. For example, Ascophyllum nodosum and Fucus vesiculosus have been abundantly reported from the North Atlantic coasts (Ingólfsson 1995; Vandendriessche et al. 2006; Thiel et al. 2011) and Macrocystis pyrifera along the Californian and Chilean coast (Hobday 2000; Hinojosa et al. 2011 ). In the Sargasso Sea and northwestern Pacific, Sargassum species are the dominant floating seaweeds, especially around Japan (Yoshida 1963) . In the Sargasso Sea, floating seaweeds pass their entire life in floating state through vegetative reproduction (Parr 1939) . On the other hand, floating seaweeds distributed around Japanese waters originally grow in benthic habitats.
Sargassum species growing on rocky coasts form a luxuriant forest in spring and a scanty one in summer in the northwestern Pacific (Komatsu et al. 1982) . Thus benthic Sargassum forests have great influences on marine environments in spring such as water temperature (Komatsu et al. 1982; Komatsu 1985; , pH (Komatsu and Kawai 1986) , dissolved oxygen content of seawater (Komatsu 1989) , downward illumination (Komatsu 1989) , and water flow . During their maturation season from winter to spring when they become longer, waves and currents detach the seaweeds above or with holdfast on the bottom. This is because their drag force becomes greater than the attachment force due to higher buoyancy of large individuals, produced by their numerous gas vesicles (Yoshida 1963) . Most Sargassum species can float after being detached from the bottom due to vesicles. Thus they contribute to the stocks of floating seaweeds in waters around Japan (Yoshida 1963) , occasionally reaching similar extensions as observed in the Sargasso Sea (Parr 1939) .
Floating seaweeds play ecologically important roles in offshore waters. They serve as spawning substratum for flying fish and Pacific saury (Ikehara and Sano 1986) . Around Japan, one of the commercially most important pelagic fish, the yellowtail Seriola quinqueradiata, also associates with seaweed rafts for reproductive purposes. Juvenile S . quinqueradiata start to accompany floating seaweeds 1 month after hatching and leave them when their size attains 150 mm body length (Safran 1990; Sakakura and Tsukamoto 1997) . During the spring, fishermen catch wild juveniles accompanying floating seaweeds by scooping up these rafts together with the juvenile fishes, which are then used for aquaculture. This occurs especially in waters off Kyushu Island including the East China Sea since1960s because the aquaculture of yellowtail depends on wild juveniles accompanying floating seaweeds. The dependence on wild seedstock is due to their cannibalism during its larvae and juvenile periods, which makes it difficult to produce artificial seedstock. Yellowtails spawn in the region between the continental shelf and the oceanic front of the Kuroshio Current in the East China Sea from late winter to spring (Yamamoto et al. 2007 ). The earliest Yellowtail larvae hatch in the end of January. Yoshida (1963) reported that most floating seaweeds around Japan are found in nearshore coastal waters, within 20 km from the shore, especially in areas where oceanic fronts come close to the coast. One important reason for the patchiness of floating items, such as macroalgae as well as any other floating objects, is their accumulation at fronts between two different water masses (Witherington 2002; Acha et al. 2003; Hinojosa et al. 2010) . However, Senta (1965) reported that massive amounts of floating seaweeds could not be found in the front between coastal waters and Kuroshio Current in the East China Sea. Recently, Komatsu et al. (2007) surveyed seaweed rafts in the eastern East China Sea in March and May and reported that they were distributed in waters on the continental shelf west of the Kuroshio front (Komatsu et al. 2007) . Taking into account the yellowtail spawning season in the East China Sea, the juvenile starts to accompany seaweed rafts in February. Hanaoka et al. (1986) reported that survival rates of the juvenile reared with seaweed rafts or artificial seaweed rafts made by cellulose are higher than without rafts. It is suggested that floating seaweeds reduce cannibalism of yellowtail juveniles. Thus, it is very important to know the distributions of seaweed rafts in the East China Sea in February and early March. However, it was not well known whether abundant patches of floating seaweeds can be found in the East China Sea in February and early March. This study thus aimed to elucidate the distribution of floating seaweeds in the East China Sea in February and March by visual census and towed net samples.
Materials and methods

Research cruises
Two research cruises using R/V Tansei Maru were organized to survey floating seaweeds in the East China Sea in late winter to early spring. One was KT10-1 research cruise from 22 February to 6 March 2010 and the other was KT11-1 from 18 to 23 February 2011. The observation course was planned to cover the waters west of Kyushu Islands and the area between the Kuroshio Current and the continental shelf in the eastern East China Sea within the Exclusive Economic Zone of Japan. Visual census of seaweed rafts were conducted from the deck of R/V Tansei Maru at a height of 11.5 m above the sea surface under good conditions (i.e., wave height less than 1 m), and from sunrise to sunset during the two cruises. The vessel navigated along designed transects. The following information was recorded at each occurrence of floating seaweeds: time, perpendicular distance from the vessel to a seaweed raft, and its diameter. The distance and diameter were estimated by trained researchers.
During both cruises, seaweed rafts were sampled at 12 locations in February and March 2010 and 16 locations in February 2011 (Fig. 1 ). Some seaweed rafts were sampled randomly by using dip net or towing an ORI ring net, coneshaped plankton net, with a diameter of 1.6 m, and mesh size 1 mm. Sampled floating seaweeds were divided into individual plants on the deck of the vessel to identify species composition. After species identification the wet weight of each individual plant was measured with the aid of a spring scale on the deck.
Floating seaweed abundance was estimated by the line transect method using distance sampling (Buckland et al. 2001) . This method uses the perpendicular distance from the transect line to the object and diameter of the object to correct for visibility bias, and allows estimating the probability of detecting objects and corrected densities. Densities were computed using the software DISTANCE version 6.0. Release 2 (Thomas et al. 2010) . The probability of floating seaweed detection was estimated with models combining density function (uniform, half-normal, and hazard-rate) with adjustments (cosine, simple, and Hermite polynomials). Following Thomas et al. (2002) , we estimated the parameter b μ called the effective strip half-width (ESW), and defined as the maximum limit for distinction.
where b D , n, and L represent the abundance of seaweed rafts, the total number of rafts of floating seaweeds along a transect, and the length of the transect, respectively. In order to take into account the lack of homogeneity at sea and meteorological conditions between transects, the model was fitted to data separately for each transect. Akaike's Information Criterion (AIC) provides an objective, quantitative method for model selection. Estimates from the model with the lowest AIC [defined by Eq. 2] were selected (Buckland et al. 2001) .
where Λ is the maximized likelihood and q the number of estimated parameters. This number of estimated parameters was the number of parameters based on combination keyfunction and adjustment-term provided by the program DIS-TANCE. The maximized likelihood was obtained from maximum likelihood estimation (Buckland et al. 2001) . Rafts of floating seaweeds were classified into four classes depending on the perpendicular distances from the vessel to a raft, 0-10, 10-20, 20-30, and 30-40 m. Rafts more than 40 m distant from the vessel were neglected due to the uncertainty of measuring distance. Calculation results for each model are indicated in Tables 3 and 4 . The number of rafts within the effective strip half-width was obtained from the best fitted model. The population mean for the wet weight along each transect in the surveys of 2010 and 2011 was estimated by using the relation between diameter and wet weight of seaweed rafts collected during both surveys of 2010 and 2011. The diameter of floating seaweeds was converted to wet weight using the equation representing this relation. The mean wet weight (M) of all rafts along each transects was calculated. Standing crop (Sc) along a transect was calculated from b D , the density of rafts, obtained by the program DISTANCE, and M , the mean wet weight of the rafts, estimated from the observation.
Sc kg WW km
The total biomass along a transect (Tb) was calculated by multiplying the standing crop (Sc) by the survey area (A ).
where Sc and A are standing crop of floating seaweeds along a transect and survey area obtained from b μ and L , respectively.
Results
Distribution of floating seaweeds
In the East China Sea, floating seaweeds were quite abundant in February and early March. Most floating seaweeds observed in both years were distributed in waters on the continental shelf less than 200 m deep, which is the western edge of the Kuroshio Current in the East China Sea except in the waters south of Kyushu Island (Fig. 2) . Although floating objects were observed on all transects, no floating seaweeds occurred along the two transects located in waters east of Kuroshio Current (Fig. 2a) .
In 2010, three species of Sargassum, one Rhodophyceae species and one Ulvales species were observed at Stn. F2 near Goto Archipelago (Table 1 and Fig. 1 ). Three Sargassum species were present at Stn. F12. Nine Sargassum species, one Colpomenia species, and one seagrass species were present at Stn. F13. Both stations were located close to the Cape of Murotomisaki south of Shikoku island. More than one algal species was observed in waters close to the Japanese coast (shown as open triangle in Fig. 1 ). On the other hand, only S. horneri was found at Stns. F1, F3, F4, F5, F6, F8, F9, F10, F11, and all station on February 2011 (Table 1 and 2). All these stations were included in the East China Sea. (Table 1) . These stations are located in coastal waters close to the shore. Distances of these stations to the nearest land are about 48, 4, and 12 km, respectively (Fig. 1) . On the other hand, S. horneri collected at all stations on KT10-1 and KT11-1 had no holdfasts, except at Stn. F13 near the coast. Temperature of sampling stations ranged 16.8 to 22.8°C in 2010 and 15.3 to 18.4°C in 2011.
To obtain the relationship between the diameter of a raft and its weight, we applied various models to fit their distributions (Fig. 3 ). The exponential model was selected as a suitable model to explain the relationship between diameter (Di) and wet weight (Wt) of seaweed rafts: Wt=368.64Di 3 + 379.25Di 2 +1,755.1Di (R 2 =0.796). This relationship permits us to estimate the mean wet weight of seaweed rafts based on the estimated diameter.
Abundance of floating seaweeds
In February and March 2010, ESW values for all transects ranged from 11.4 to 25.7 m (Table 3) . Raft density of floating seaweed along the transect on 2 March was highest among transects in 2010 (Table 3 ). This transect was located southernmost in the survey area of 2010. The mean wet weight per raft was 3.86 kg (Table 3) , and the estimated biomass for this transect was 100.36 kg ww km −2 (Fig. 4b) .
In February 2011, ESW values for all transects ranged from 11.0 to 17.8 m. Density of floating seaweeds along the 21 February located southernmost in survey area of 2011 was extremely high (Table 4) . Total biomass of this transect was the highest, 504.12 kg ww km −2 (Fig. 4c) .
In both surveys of 2010 and 2011, the maximum biomass of floating seaweeds consisting of only S . horneri was 
Discussion
Floating seaweeds consist of several Sargassum species in coastal waters of Japan (Yoshida 1963) . Ohno (1984) observed floating seaweeds south of Kyusyu and Shikoku Island and reported that those in the coastal waters were composed of two to six species. Hirata et al. (2001) investigated seasonal changes of the species composition of floating seaweeds in the coastal waters of Izu Peninsular, central Japan. They stated that the number of species of floating plants in one patch ranged from one to 11. Hirosaki (1963) and Gamo and Matsuura (1975) also investigated seasonal changes in the species composition of floating seaweeds in coastal waters around Japan, and found that floating seaweeds consisted of multiple seaweed species. On the other hand, Komatsu et al. (2007) reported that floating seaweeds in offshore waters of the East China Sea in mid March and May were only S . horneri. The species composition in that study was similar as that observed herein. Thus, the floating seaweeds in offshore waters of the East China Sea in February and early March are also characterized by S . horneri, same as those in mid March and May.
S. horneri growing in benthic habitats along the coasts east of the East China Sea are not distributed from south of Kyushu Island to Taiwan through Ryukyu Archipelago (Yoshida 1998) although the species composition of floating seaweeds in coastal waters around Japan is affected by the flora of surrounding waters (Hirata et al. 2001) . Considering the benthic distribution of S. horneri along the coasts around the East China Sea (Tseng 1983 ) and the northeastward surface currents, such as the Kuroshio Current and Taiwan Warm Current in offshore waters of the East China Sea in spring (Zhu et al. 2004) , the possible origin of floating S. horneri in offshore waters of the East China Sea in February and early March is suspected to be the Chinese coast, similar as suggested by Komatsu et al. (2007) for mid March and May. It appears that the supply of floating seaweeds distributed in the East China Sea depends on the benthic populations of S. horneri along the Chinese coast.
In previous surveys conducted in nearshore waters around Japan, it is reported that floating seaweeds consisted of Sargassum individuals with holdfasts (Ohno 1984; Yatsuya 2005) . Our study showed that no holdfasts were found in offshore waters in the East China Sea. Komatsu et al. (2007) deployed satellite tracking buoys attached to rafts of S . Guard, 2010 and species. Consequently, the floating individuals of S. horneri without holdfast can be transported far from their original habitats on rocky shores. Studies on other floating macroalgae also show that at larger distances from potential source regions, these are more overgrown by epibionts and floating individuals are more disintegrated (Rothäusler et al. 2011; Tala et al. 2013) .
Floating seaweeds were rarely observed within the Kuroshio Current Proper. No floating seaweeds were observed along the two transects located in the Kuroshio Current and east of the Kuroshio Current in February to March of 2010. This is also true in surveys of floating seaweeds in mid March of 2004 and May of 2002 (Komatsu et al. 2008) . Floating seaweeds apparently do not cross the Kuroshio Current from the continental shelf to outer waters east of the Kuroshio Current. Thus, they are generally retained in the convergence region between warmer water of the Kuroshio Current and colder waters of the continental shelf.
The number of observed seaweed rafts tended to increase in the southward direction. The highest biomass of floating seaweeds was located at the southernmost transect on the continental shelf in surveys of 2010 and 2011. Komatsu et al. (2008) reported that the biomass of floating seaweeds in the southernmost transect (20.35 kg ww km −2 , around 30°N , 127°E) was greater than in the transect located west of Kyushu (2.18 kg ww km −2 ) in mid March. In all of the surveyed month, there were floating seaweeds in offshore water in the East China Sea much more than coastal water around Kyusyu Island in February and early March. In the East China Sea, yellowtail starts to spawn in waters southeast of continental shelf edge in late January. Yellowtail juveniles have been collected in surface water temperatures between 14 and 26°C (Yamamoto et al. 2007 ). Optimal growth rates of yellowtail juveniles are at a temperature of around 22°C (Fujimoto et al. 2006 ). Since yellowtail juveniles were also collected with floating seaweeds in this study, it is suggested that the juveniles retained on the spawning grounds by eddies start to accompany floating seaweeds in waters southeast of the continental shelf where sea surface temperatures are optimal for their growth. Thus, yellowtail juveniles spawned earliest in the East China Sea utilize floating seaweeds distributing on the continental shelf in the East China Sea as their nursery in February and early March. Floating S. horneri in the East China Sea plays an indispensable role as nursery habitat for commercially important species in February and early March. It is important to identify their source populations along the Chinese coast and to conserve S. horneri beds that support the unique ecosystem of floating seaweeds in the East China Sea. Abbreviations are identical to the ones in Table 3 
